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that the correct theories of the strains to which snch structures are subjected, and the proper proportions to be given them to secure stability under all conditions, have been reduced to some degree of mathematical certainty. The Spanish dams built in the sixteenth century were massive blocks of masonry, almost rectangular in form, containing a large surplus of material beyond actual requirement, but so unscientifically disposed as to produce maxima pressures dangerously near the point of crushing.
The French engineers who were required by the French Government to prepare plans for high masonry dams for the control of floods on torrential rivers in southern France about fifty years ago, were the first to advance new ideas and practical theories on the principles that should govern the design of these structures. M. Sazilly prepared a paper on the subject in 1853, and a few years later the matter was more fully elaborated by M. Delocre, on whose formula were drawn the plans for the great Furens dam, 183.7 feet high. In 1881 Prof. W. J. M. Raukine, the noted English engineer, was called upon to report on the best form of masonry dam to be built for the city of Bombay, India, and investigated the question in a thorough mathematical way, producing a form of profile which is recognized as one of the most logically correct in its conformity to all requisite conditions. He established as one of the governing principles that no tensile strains should be permitted in any part of the masonry, and that therefore the lines of resultant pressure, with reservoir either full or empty, should fall within the inner third of the dam at all points. The acceptance of this principle carries with it as a necessary sequence that the maxima pressures will fall below safe limits, whereas if the dam be designed with regard to safe limits of pressure alone the structure may be so slender as to carry the lines of pressure far beyond the center third and thus set up dangerous tension in the masonry.
Other prominent English engineers who have investigated the subject are Mr. Guilford L. Molesworth and Mr. W. 13. Coventry.
Mr. H. M. Wilson, Assistant Hydrographer, U. S. Geological Survey, in his " Manual of Irrigation Engineering," devotes a long chapter to an admirable discussion of masonry dams, while the most recent American treatise is the elaborate work entitled " The Design and Construction of Dams," by Fxhvard Wegmann, C.E., of which the fifth edition was issued in New York in 1907. Mr. Wegmann has rendered invaluable service to the profession in the investigation of the difficult problems involved in the design of masonry dams, and in simplifying the mathematical formulae for computing the economical safe proportions of such structures.
The general principles to be considered in designing such a dam are briefly as follows:
(1)  That it must not fail by overturning.
(2)  That it must not slide on its foundation or on any horizontal joints.